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A nuwber of papers on the scotlon of lonizing
Aﬁ&ﬁiﬁﬁlﬁﬂﬁ on embryonic developmunt of mamwals (L. Russell
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l?fﬁ Lu Rna 11 axd W. Russell 19 §£ and 1954, B. 4.

Lﬂmovakaya_and'Ye.I. Vorobteva 1957 [, Tu.M. Olenov and
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A.D. Puskmitsyne 1952, P.G. Svetlov and G.F. Korsakova
1954, and othera). It has been established that radio-
gsensitivity of embryos at the end of embryogenesis

decreases, the chavacter of anomalies caused by lrradia-

tion changes also, but in embryogenesis there are particulg

eritical developmental pericds, in which under the
influence of radlation anomalies of separation conceptlons
appear and others. In studying the effect of different
dosages of X-rays on mammallian embryogenesis, the radis-
tion 1s usually made in different‘pregnancy periods, and
the results are considered at the end of pregnancy. But
another experimental get-up could facilitalte the under-
standing of the injury mechanism appearing with lrradla-
tion, and namely: irradiatian in any one definlite develop-
mental stege with the conslderatiocn of results in
differentc perilods after the influence. Thus, 1t would be
poasibie to trace the formation and development of the
anomallies which oceur. This kind of study was made in thils
paper.

Study method.

According to the unpublished data in the Embryology
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Laboratory of P.G. Svetlov and &,Fw RKorgniteva, on thé
tenﬁh day of pregnancy the establishment of embryonie
rudiments occurs in rats and in this eritfical perlcd in
the pregnant rats the lrradiation with & deosage of 100 to
250 r invarisbly csuses damage of local character, in the
form of anomalous develcpment of diffarent Qr;anﬁ, malnly
different arezs of the head (encep;aiié, ﬁi@recephalia;
&ﬁaphthalmi&,.miaroﬁﬁﬁhaﬁmia; cleflt ﬁ&iéﬁ@lé&d others),
and also of general chavacher {adems, hemé;i&ua, small
body sizes and so on), Therefore In cur experiments we
applied s single total-body irredliation of the female
rats precisaly on the ﬁenth.daj of pregnency. The 10th
day of rat embryogenesls l1s alsc the beglmuning of the
critical period for placental development (P.G. Svetlov
and G.¥. Korsakova 1954).

In this developmental perlod the placental rudi-
mémﬁs are esgpaclally easily damagsed, for ewample hy'
overheating and iIntrodiiction of narcotics, and in addl-
.ian to thils, the formation of anomaiie& of fetuses

development 1s the conseguence of pathologlical changes

in the developing placenta (E.G. Svetlov and ¢.F.Korsakova

-

w




LA

i

19%4Y . Therefore our &ttenﬁion Wag also Lurned to the

placental development.

Two serles of experiments were made with irradiafl
bion of animaly abt dosages of lS@ mn&’ﬁk@ 7. These
ammame’ W@Pﬁ &@I@Quad as ave%&ge ln inbensity, and ap the
onesg baﬁt phudied with r&sp&ch to The fina¢ regult of the
lonizing radiatlon %ffect &f“ﬁﬁ ietlon was made with the
e@uipment HiiM=3 with fmgal disbence &0 cm, volbege 180 kv,
aayfﬁnt 15 ma; &ilbeﬂﬁ ~ (.5 mm, copper and 1.0 mm Alj
rebe Eﬁg/min&ﬁ@. Registration of demsge wWes made daily
with_tha begloming Qf‘lith up bto 17th developmental dayA
inclusgive. The rabs weré'cuﬁ'ép@n_uﬁdér~ﬁﬁm&rrnarcésis;

ana ptudies of the embryos and placentas were made during

life t -thgy wer@ fixed by[ﬁavim’s.and Garnoyts
fiuids, Ware e%b@d& in yarafﬁn and histolog if giudies of

embhryos wers fade on the 3taina& seetions. We studled

11,183 &wbryos, 607 of them were experimental and 536

control.
As is known, in the rat embryo on 10th day of

d@velapmant the anferlor end is bulged, the rudiment of

the nervous system hag the form of wide medullary plate

}with a groove in the middlejlfhe'body'ia not yet segmented.

— 4
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Fig. 1. Ltudinal section through normal rat embryo
crn 10th day of development after Tertilizatlon {according
to P.G. Svetlov and G.F. Korsakova 1954).
1 - Lycunae in the decldual tissue; 2 5a0C;
% - Eotoplacentar cone; ¥ - Vitelline endoderm; 5 - Eeoto-
‘ & ~ Reichert's membraneg; 7 - Uigantic trophoblast
) cells; 5 - Intestinagl endoderm; 9 - Mesoderym ; 10 - Leto-
placentar cone cavity: 11 -~ Ammionlc cavity; 12 - Exo-
coelom; 1% -Allantois; 14 - Chorial plate; 15 - Head end
of the exbryo; 16 - Tail end of the embryo.

W
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The future placenta 1g represe
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chorion plate and allanfols.

ented by two

rudiments: the

The chorlon plate is pre-

gented by the cavity wall of active placent

stage of development having a

gu
U2

exocoelom. It conslists of cel

form of o sl

18 which lile

other and are dilstributed Iin many layers,

future give rise toe the beginning of place

trophoblast. Allsntois In thig

praesents a protruding mesenchyme covered b

epetheliom which grows in the

( 1)

but at the 10th day of embrylc

development

ta cone, at this
ot, turned to
clioge Lo each
and Which in the
nta labyvrinth
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evelopment r
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Y~irradiation with 2HC

embryos according to the days of development after X-ir-
ey &iamxvn aosoeding to the days of development aflter

N

¥-irragdiation with 130 r.
Howizamhal -~ detes of embryonlc G@VQgh?NwﬁLj vertical -
Lo

pumber of ewbyyos in 4. 1 - Anomalous, 2 - normal, 5 -

dead enbryos.

Fig. 3. Disbribution curve of normal, ancmalous and

»

dend embryos aco ording to the}ﬁayﬁ'af developmant alfter

Na?

o
e b, k]

Hox Luﬁﬂtdl - days of embryonic development; vertlcal -

mber of amHWVOA in%., 1 - Nor rma al, 2 - anomalous, 3 -

dead embﬁyasa




Our own observabions. 'The results of irradlation

effect are given in Table 1.

" Ag it 1g seen from Table 1, irrsdlation with desage;
130 r led to the destriction of 23.5% of the total number
of embryos at the end of pregnancy, while in the control
the death rate of embryos was 8 to 12%. The mentioned
dosage ceauses £ large difference of embryc developm@nt
snomslles, the total number of whieh reaches up to 45.45%.
In the controls these anonalles wers rare -~ 0.18%, 1.e.,
one cage per 536 embrycs.
The dlsbtribution of normal, dead and anomaloug

embryos by days of development In The glven seriea of

experiments are glven in Table 2 and on Flg. Qn %
After one day off irradiation the numper of anomalo
embryos ig small - 2.77%, but in the subbeguent days it ;
increases, reaching on the 13th day the largest number
75.5%. Further the number of anomalous embrvog decreases
and is less than half of the totel number of embryos, 38.9
to 43.3%. The curve of embryo destruction passes much lowe
than the anomaly curve (ses Fig. 2). On the followlng day

after irrzdlation the embryo death reaches 25%. ‘Then in




Table 2.

130 r.

Type of experiment [Total Hormal iidve sno~| Dead
no. em-fembryos Inimalous em-jembryos
bryos {(In %)  jbryos (in %)
(in %)
87,88~
Control..oovneneon, 536 g1,82 0.18 8.00-12.00
Irradiation with
130 . aee.eed 308 3L.49 . L 45 23.06
oo '
Irradiation with ’ ~ﬁ, ;
20T o T PR 299 L 1.33 cioke.82 L 55.85
Table L Irredlation resulbs.
Days of develo pmenu after fertili~ |[Total
Rmbryos zdtJnn bryost
o 5 . :
- 4 -y } A 4 R s
4,.1 12 13 { 14 15 O-171
Normal.......5 %% B[ S 10 pd R 97
P2, B 1 498.9%) | 9.4%) {H 2%3 (a4, b} | (28, 5%) | (1,49%)
Anomalous. ... i ) &t & 4 140
Dead ﬁi‘*’f;%% &7, %3 Q;?i’i,g%- {@2‘3&@%} é’%fﬁm Qé& 3%} (%5.;?%)
Bt AR LN aw (15,053 | 38,2831 (1¥%) {% 3%) m.ﬁ&%!
§ ‘ ' '

Humber of normal ancmalous and dead embryos

according to days of development after irradlation with
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embrycﬁ in the last obesrvaticnal dayq.&lso oceurs at the

~expanae of embryos, whicl up to this time had a normal

' v J
the following days the number of dead embryos decreases to

13 to 15%, inex reasing on the 1hth day to 38.24. The
percentage'increase of dead embryos on the 14%th day probabl
occurs Lo a cousider&bie dégree at the expense of the dead.
anomalous embryoes, since the number of the later this day

sharply deereases. But ﬁhe percentage incresse of dead

form, since the percentzge of ansm&iaua embryog does not
decreage in 0§mpaw1s0n with the previcus day, and évén
increases aomewhat.. On the néxt dayAafter irradlation

. ‘ . \
the pércent of normal embryos is 72.2% and déareaaing in
the foliowing days to 9.4% (GH the 13th d‘s) azaln in~
creases 1atér up to 4%5.1% on the 15%h day.

Analysie of thé numericél data given in Table 2
and of the curves represented In Flz. 2 permits considera~
tlion of thﬁAC&uﬂ@ of.embrya death on the following da&s
after 1rra&iation as not dus to their anatemical énaﬁaiieé
bn the 1lth day cf.pre gnancy, when death of 25% of embryos
occurg, there aﬁe almost no embrycs with ancmalous

structures, there are 11 tle more than in uhe contrﬂl.

2.77% (control-0.10% see T&Q;e 1).  The under-development |
10




i

of the piacentas eanﬁot be the cag§a~ef‘the death in thiz
casé elther as in the embryogenesis périads the placenta
t1s nﬁt-yét funétioningy Evidently, embryo deaths in the
| first days after irrédiatign igvca@sédlby thé direct
influence of X-rays. | |
Anomalies in exibryos are not detected immediately
after irradtations their greatest number 1s on the 13%h
day of developuent (75.5%) » and then thelr numbef |
decresses (ﬁBQé% to 38.9%). This fact can be explained
either Lhat the ewbryos; whi¢h beceme snomalous on the
13th day, die in large mumber, or thal th@vdevelopment of
ancmalies gre repaired. ’
| vThe percentage increase of snomalous embryos c¢an
re only at ﬁhé expense of the display of pathogenetic
ifra&iatian effect, ma&e.earlieru Its decreasé can bev

either because of the embryots death, or the csuse of

* J their repalr {il.e., the conversion of anomalous embryos

iﬁtq§the headings “dead" and "normal"}. The comparlson of
curves on Flg. 2 shows that 1t is impossible to explain
the percentage decrease of anomaious embryos on\the 14th

and subsequent days of deve1opment only by the death of




b e e et .

increases on the 14th day of development in comparlison

;_‘.
¥

suff]

ey 737 el [P S R - .
{by 23.1%), but 1t does riov

ciently decrease of anomalous

exbryos on thig day of developn 2.19%). The number,

i

- Car B pmsams e |

of normal enbiy derably increases on the :
14th day of in the future j
i

S

continues on the 15th dsy of |
|

i

development. Thus, the curves of normal, anomalous and i
!

dead vtedly ahow that after lrradla- |
. l

() o O TS o e g e A i
tlon of the rats on the |
!

i

dogeg, of a considersl i
damages ls There ave Indicatlonsg in the i

 litervature on repalr in embryos arter

V.Y

}f”""”ﬂ E_. (Ahﬂﬁa

rov, 4.5, Strelin and

G.V. Yas Yu. M. Clenov and A.D. Pugshnitsyna 1952 .

and oth&r@). regenerative ablility is a general

" PN I 2 SN W [y o i b g e, .
ahle for the embryod. ;

with a 240 » dose caused a considerably larger percenvage

see Mable 1). The number of

Canomalous embryos 18 also very high (42.82%). From the
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299 embrycs studied by ue only four were normal, which is
only 1. 33w.

The distributlon of normsal, anomalous and dead

enbryos according to days development afber fertilization

ig wepregented in Fig. 2 and in Table

LA
*

bt  Davs of o Tot:al
Embryos Daye of dGVulopmunu alfte: fe;bg%isﬁw Eribryos
11 12 13 14 ik 16%17
» .,‘& - i ——
Rormal.....} - R é e L R !
o | 6.74%) | ©.8%) | (1,535
Anomalous.,. - 30 3t % b7 R a8
i ey (75 4%} (@"é 7%5 {’ﬁiéﬁ%b ,i&ié%) : 42@ ww “‘3‘?‘:}%)
:H)f:?f:{d v e 8w e s ol b ' gg‘% g : \h:"’ " > *
ég%ﬁ%} M w; (G8,54,) | 83, 35630 74 Mi - (56.854)

Table 3. Number of normal, znomslous and dead embryos

according to the days of development after X-irrp

zdiation
1t 240 »,
) Meximum percentage of anomélous embryos was

o
o
[
o
=
5
)
&
fon
o]

ven on the 12th development day - T1.4%. It
remains almost the same on the 13th day az we 11 but be-

o

ginnlng with 14th development day 1t sherply decreases
to 23.7% (on 16th to 1T7th day). The pe reentage curve of

ldead embryocg, on the contrery, increases: from 28.6 and

124, 5% on 12th end 13th day to 75.F ,,mm.ml&mmv of

i
|
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development. The curve of normal ewbryos is about zero fon

all observabtlonal pericds.
The relatlon between &namalcua.am& dead embryo
numbers &t irradiation with 24 r t&rna out to be very
simplet .thg percentaze Curves of snomaloug snd dead
embryos are synthie&l, ana e&ah point of one curve
practicenlly h&yyvamamnﬁ the corr eapundlng point in the
other curve up to 200%. Thig ﬁhﬂﬁn, that bmginniﬁv from
14th day of deva?bymwﬁt (4rb dny afber *EWﬂdi&tiam} per-
entege inaﬂ&a e of degd embryo& ocours becauss of The
dss %ﬁ Qf amuWﬁjeu embIyos. T}e posgibility iz not
exdluded bthat alsce in this cans tﬁéﬁa.aﬁe éomﬁ regulation
leffects in anomglous embryocs, which manﬂﬁn slive to the
l?ﬁ? Q&V of development, but guantitatlive rels 1ons of
amomal&uﬁ end dead fetusze do nob givalﬁmy hinta of this.
It can be only assumsd, that 1f there are any regulatlive
affects in this case, that they‘are very insignificant
and do not bring ancmalous Umbr:oﬂ to normal conditions.
Tha aﬁ@m&ly devalmpmamt chﬁrﬁct@@istig of enbryos
after the irvagiatgon 5@ females on the 10tk day of

pregnancy 1s ext rcmalv dzversified In this report data

wilt be fiven only for an irradjﬁﬁﬁam of. 130 r.
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Obaervablong were bLog

irradiation (12th day of

1

th day embryo has a segmenied

The hemlzpheres of the braln are
Hhey are in the budg of bwo Ly

g g, obe o

heart lg pulssting.

irradiated andmals however gener

noticed primarily. 4%he hemlgphergs of the brain have a
changed configuratlon, end small siue. The vascular arcs

gre not 4 On

{13%h day of pregnancy) the

gun wilth
development) .

OO

ool paleg.
V&ﬂaA?aﬁ aIes

&L

the 4th day

embryoa

the third day allber

In the norm, the

dy and a very long tall

ir. the form of two bulbs.

The twoe~chambered

are clearly seen; in

wnderdevelopment is

after irradiatlon

asually very much lack

development. Also, underdevelopment of brein and the
front part of the skull are characterlstic for Then. !
i !
e, " - - ) = - ;
By the 15th day the normal embrycs are already |

-

The head 1s well

body are developed. The buds of
szen. Diglts are marked In the

mental @mbryos (6th day afrer i;

brain and ;am development

not geen from outaide. The body
smaller than the norms,

geparated,

Timbs.
TR

LFLCGkA

anomalie

Iin 16 day old

and all parts of the

whiskers and bristles are

In 1% day experi-

Atation), the effects of

[
b

remain. The eyes are

aizes sre

wually

Irradiated embryos,
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verg'dc op anomslles of head-braln can bﬁ‘ahservedﬁ éll

of the sections of whilch are mixed together, the maxillary
defects and the eye underdevelopment remalin, 1f the embryos
do not resch normal sizes (Fig. la snd b}, i.e., by this

day the development of anoralies acquire thelr final

character.
The following anomalles were moet I

cmmﬁm%&imtmzﬁwmﬁMmd@mHMmmmﬂ;

the effects of eye development (thelr underdevelopment and
absence) =~ 120 caszes. 2 - devalopment effects of front
gections of head-brain {(underdevelopment and anomalies)

o

78 cames. 3 - underdevelopment of maxlllae ~ 28 cases.

r.J

Other forms of embryo defects (snomalies of Llimbs and the
baek part of the body, general under development . heart
ectopy and others) were meb in single cases.

Thug, as the acove mentloned snomallBs show (typi-
cal for vat embryos irradiated on the 10th day of develop-

ment) the dlseases apbearing are already clearly noted on

‘the 3rd day after lrradlation, snd in the future they are

decpened.

Speclal intereat is presented by the developmental

e 16
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anoma&iés.of allahﬁciﬁ which are: avtevteﬁ beginning with
the 1£tﬂ day of dévalepment. AB it was ssld sbove, at
the momant'af embryo irradistion on 10th day of d&velopQ
ment, the trophoblasitic &mﬁ allatcidal rwdlments of

blr enta are stlill not comnmzeted with gach other, but
allatoidal oubgrowbth alresdy Jwsps deeply into the

o

exceoelom ir the form of a tongue (see Filg. 1). Tn the
meny irrediated embryos bthe sllantole doep not grow to the
chorlal plate and there is no c¢onnecilon of these two

plaeents buds. Phe allantols bud remains in the form of

a froe ocutgrowth on the dorgal slde of the b@dy; whepreupon

oL

ita distal end 1# bowec, being pyrifornm Qaap B . Ba and

LY. With 136 r irradiation fhi. enomal typm is encoun-—
tered in 2.9% of ﬁmbryoﬁg and with 240 v dopage - in 14.7%
of embryos. Thus, the sllantols twms cub to be = part of

enbryo which 1s very psnsitive to irradistion. Naturally,

2
3

2f thiz mos

JMWMWMﬁYMdOfﬁM*WmW%hM2ﬂmimw
sﬁmpé in the development and doss nob coalesce with
éhﬁﬁi&l plate, then nelther ﬁhe‘pl&cﬁnta nor the’umbilical
cord can form in guch embryos. Thege embryoe remain aiive

for sometime and even develop, bubt then of @oufﬁe die.

LATker bhe dbth day. thase exbryos.cannob.ohe obhserved. . The -
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me SEIHhJMn of allantods whlch on the 10th day stopped in

its development, on the 14th day of embryonic development®

A
e

has a typleal structure; itsg peripherzl part is covered

by mesothellium. The mesenchynme is well vascuwlarlized;

there 18 a large nunber of epythreblast in the vessels.

However cellulsar pecresis and products of decsy are

m

- observed in the mesenchyme.,
: f Even 1f by the 14th day of development after ferbi-|
liz;:icn there iz no connectlion of the allantols with

| X - - _ o . .
| _ chorlal trophchlasts, then the btrophoblast eells in the

sepgion, where Ghe

oyrinth should have beem~farmar,

| -
1 become friable. The viability of prophoblests in this
cage la considerably gre at@r tharn in the norm, but the .
growth of the 1abjrinth iteeld in such placents delaved
and by its dimensions it correspords to placenta

tabyrinths of eariier development periocds. The myterses

1

o - !
in labyrinth prophoblssts are encountered much more ﬂarely,

than in wnormal emb wvoua Anetomically however the Elaaenta
is normmelly formed, like a genetic depot is well developed.
The marﬁ;d diﬂrup*iaﬁm of allentole development

i o k » o . ,
ymake probable the assumpiion, that In the cases, when




s and an embryo of the same devel-

cpmental period after ilrradistion with 130 v on the 10th

day of embryogenesis (b).

fot




Be ewmbryo on the th dey of develop-

pyriform allateols are on

side of the

a ~ photograpt, b -~ drawling. 1 - large hemispheres of

2 - olifschory plt; 3 - upper maxille; 4 «

whay 7 o~ fore limbs:

- 20
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the @&mneétion of ail&mﬁﬁﬁ‘vitb the chorisl plate is'aéhmw-;
plished, the furbther development of placenta labyrinth
gtiil turns out to be lower becaupe of tﬁa damage of
allatols mesenchyme &5 one of the most sensitive rudiments
of embryo in thig devaelopment stage

The study of pla&entga in irradisted pregnant
females prezent an exceptional interest; az thilg can
explain many things In the problem of ilrradlation damages.,
Thig study 48 being made by us ab present and will mske

the conbents of next rnpmrﬁ.

Conclusions |

1. Afﬁ@r siﬁgle totalwbo&y}imﬁf mavamn of femgle
rats on the 10th day of pregoancy by X-ra fﬁ with a 130 r
aose, anaﬁﬁmicai ancmalies {aaﬁiiy;diaamv&ra& eyven with

trrnai exsminatlon of embﬂyo - unﬁerﬁkalﬁgmpn of braln,
eyes, vaséular sref), can be repaxr&d.

2, The ﬁtate devel apm&ﬁtal anomailes are discov-
ersd or the 2nd an& 3rd &ay after irradilablon and in the
fm%ure (if they are not repaired deviationsg ft&m the NoTm
becone m@r& pronovnced.

3, After the single total-body lrradiation of

female rats on the 10th day of pwegnggggwpv,gmraﬁg with a
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\240 r dege repalr effects are not observed through external
examination of embryos.
L, Tre allamtolc acenba rudiment on the 10th dayl

pregnoncy possesses a very high radiosensitivity. Owing
to this in & number of cases in the fetuges of the experl-
mental animals, the allamtole p;aaenﬁa rudiment doas not
goalesce with the prophoblast rudiment, because of which
'n&ithar the plscenta labyrinth nor the umbilleal cord can
be formed, which 18 chserved by applying dopsages of 240 r
and also 130 r.
5. The high radiosenaitivity of allantoic placenta
vmudim;nt in the eritical perilod of ite development makes

possible the assumption, that in the pathogenesis of lrra-

diatlon damages of embrycs, the ancomalles of placenta

development have & greab lmporiances.
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PATROGENERIS OF IDRADIATION MAZARDS AND REPARATIVE PROLESSES
IN RAT EMBRYOS APVER X-RAYING OF RAT FEVALES ON THZ 10t DAY OF
' PREGHAMLY _

E. A, Walbskiram

The elfeet produced upun the deveionpment of ot emboyos by (oda] irradistion
of 12l femates on the [Mh day of poegnansy was stedied. The soplicetion of the ircadia-
tion dose equal to 130 r cansed amatowicsl auomatizs well obisrved even duting exien
ol examination of embryos on ihe VA 13 deye of the embryogeanain {under 2lon-
rient of brain, eye, viecers! aresh. The smomaties may partially teparate by the i7th dow
of developmant. The application of 2-rays in dow equsl: {0 250 7 intensified deviations
from the we the exterval exantinstion did not reves) asy repsrative phenpmena,

, Alleniold anlage of placenis on the 10th day of peeguancy is evceedingly spesitive
: to radionctivily, &fter the eplication of lne foregeing irzsdiation dosss Gy the anlmals

urider stady it wos sheerved in » mumber of cases t9at the aliantoid antage of pisoenta did

not conteses with ihe iraphoblast one. Due fe thal neilher the fabyvintlh of placenin nor

m‘g?ﬂém& cord eould bo formed, that made any furthe: developmeat of the ambrys impos.

sible, .
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